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INTRODUCTION
Reactive oxidative stress. Reactive oxygen and nitrogen species (ROS and RNS, respectively) include superoxide anion radicals, hydroxyl radicals, hydrogen peroxide (H 2 O 2 ), peroxynitrite and other peroxides, nitric oxide, and others ( Fig. 1) . They are very transient species due to their high chemical reactivity that leads to lipid peroxidation and oxidation of some enzymes, and a massive protein oxidation and degradation (Matés et al., 1999) . The role of oxygen-derived species in causing cell injury or death is increasingly recognized: superoxide and hydroxil radicals are involved in a large number of degenerative changes, often associated with an increase in peroxidative processes and linked to low antioxidant concentration (Tamagno et al., 1998) .
ROS are a double-edged sword -they serve as key signal molecules in physiological processes but also have a role in pathological processes involving the female reproductive tract. They are formed through leakage of electrons from the inner mitochondrial membrane during oxidative phosphorylation and ATP generation.
Oxidative and nitrosative damage occur when ROS and RNS react with cellular lipids, proteins, and nucleic acids (Roede et al., 2010) . The relationship between intracellular levels of ROS relative to endogenous antioxidants has a significant impact on this measure. Oxidative stress occurs when increased ROS levels disrupt cellular redox circuits, resulting in disturbances of redox-regulated cellular processes and/or oxidatively damage cellular macromolecules (Jones, 2008) .
Moreover, oxidative events may play an important role in the mechanism of action of ether lipids, and oxidizability may contribute to cellular drug sensitivity (Wagner et al., 1998) . On the other hand, hydrogen peroxide has been implicated recently as an intracellular messenger that affects cellular processes including protein phosphorylation, transcription and apoptosis (Choi et al., 1998) .
Antioxidants. Under normal conditions, scavenging molecules known as antioxidants convert ROS to H 2 O to prevent overproduction of ROS. There are two types of antioxidants in the human body: enzymatic antioxidants and non-enzymatic antioxidants (Pierce et al., 2004) .
Enzymatic antioxidants. Enzymatic antioxidants are also known as natural antioxidants, they neutralize excessive ROS and prevent it from damaging the cellular structure. Enzymatic antioxidants are composed of superoxide dismutase, catalase, glutathione peroxidase and glutathione reductase, which also causes reduction of hydrogen peroxide to water and alcohol.
Non-enzymatic antioxidants. Non-enzymatic antioxidants are also known as synthetic antioxidants or dietary supplements. The body's complex antioxidant system is influenced by dietary intake of antioxidant vitamins and minerals such as vitamin C, vitamin E, selenium, zinc, taurine, hypotaurine, glutathione, beta carotene, and carotene (Agarwal et al., 2003) . Vitamin C is a chain breaking antioxidant that stops the propagation of the peroxidative process. Vitamin C also helps recycle oxidized vitamin E and glutathione (Chan et al., 1993) . Glutathione is present in the oocyte and tubal fluid and has a role in improving the development of the zygote beyond the 2-cell block to the morula or the blastocyst stage (de Matos et al., 2000) .
Biomarkers for oxidative stress. The presence of ROS and antioxidants in the female reproductive tract has been demonstrated by various methodologies in animal and human studies. A number of OS biomarkers have been investigated including superoxide dismutase, glutathione peroxidase, conjugated dienes, lipid peroxides, thiobarbituric acid reactive substances, glutaredoxin, oxidative DNA adducts, follicular fluid, NO and TAC (Jozwik et al., 1999) .
Antioxidant defense mechanisms.
Multiple enzyme systems and soluble factors maintain the redox state of cells. Some of these are shown in Figure 1 . The antioxidant defense mechanisms in cells are complex and appear to be compartmentalized, such that nuclear, cytoplasmic and mitochondrial levels of antioxidants behave independently (Go & Jones, 2008) . Glutathione (GSH), a cysteinecontaining tripeptide, is a key antioxidant present in millimolar concentrations in cells. It can scavenge free radicals through either direct chemical reactions or reduction of peroxides as a cofactor for GSH peroxidases, cycling between its reduced form (GSH) and an oxidized, dimerized form (GSSG) (Anderson & Luo, 1998) . The activity of GSH reductase, which requires NADPH as an energy source, ensures that most GSH is present in cells in the reduced form.
Enzymes like directly detoxify ROS, Superoxide dismutases (SOD) react with superoxide anion radicals to form oxygen and H 2 O 2 . The three main SOD enzymes are copperzinc SOD (CuZnSOD, SOD1, in cytoplasm), manganese SOD (MnSOD, SOD 2 , in mitochondria), and an extracellular form (ECSOD, SOD3). Catalase, various peroxidases and peroxiredoxins (PRDXs), including GSH peroxidases (GPXs) and some GSTs, can convert peroxides to water.
Together, these interacting defense mechanisms permit cells to live in an oxidative environment, perform necessary biochemical processes, and even use these ROS/ RNS as signaling molecules (Jones) . For example, in the ovary there is a transient rise in ROS levels and decline in antioxidant expression after the preovulatory gonadotropin surge, and the rise in ROS is a necessary signal for ovulation (Laloraya et al., 1988) . Fig. 1 . Key antioxidant enzymes and the reactions they catalyze are shown. CAT, catalase; GPX, glutathioneperoxidase; GSR, glutathione reductase; GST, glutathione-S-transferase; SOD, superoxide dismutase. GPXs and GSTs require glutathione (GSH) as a cofactor, and GSH can also scavenge free radicals through direct chemical reactions. GSR reduces the oxidized form of GSH (GSSG, glutathione disulfide).
MATERIAL AND METHOD
Animals. Wistar Albino rats were housed at the Animal Research Center and the study was approved by the Animal Care and Ethics Committee of Tehran University of Medical Sciences. Animals were caged under controlled lighting (12 h light, 12 h dark) and temperature (24 °C). Food and water were provided ad libitum.
Rats were divided into three groups. The first group was varicocele (n=10), second group was sham-operated (n=10) and third group (n=10). Left sided varicoceles were produced surgically as described below in the first group.
Surgical procedure. After induction of anesthesia with ketamine (100 mg/ kg) and xylazine (1 mg/kg) intraperitoneally, rats were placed in supine position and a vertical midline abdominal incision of about 3-4 cm was made. Left renal vein was dissected carefully medial to the insertion of the ovarian vein, and a 4.0 silk suture was placed around the renal vein over a 0.85 mm metal rod and tied. When the rod was removed, approximately 50 % reduction in the diameter of renal vein was observed to confirm the effectiveness of the surgical procedure. (Fig. 2) .Shamoperated rats were subjected to the same vertical midline incision. Left renal vein was identified and dissected similarly. The rod and suture was also placed but not tied. Abdomen was closed without further intervention. All of the rats from three groups were sacrificed after bilateral orchiectomy at the end of 8 weeks. Ovaries were placed in liquid nitrogen and transported to the laboratory. ROS measurements were made immediately.
Homogenization and anti-oxidant assays. Homogenization was carried out with a Teflon end homogenizator (Elvenjem Potter, Du Pont Instruments, Newton, Conn.) and the homogenates were centrifuged at 1.500 rpm for 10 min at 4°C. The plasma was divided and stored at 20 °C for a few days before the analyses were performed.
The superoxide dismutase (SOD) level was measured spectrophotometrically at 560 nm as described previously (Durak et al., 1993) . GSH-Px activity is measured by following the decrease in absorbance of the reaction mixture at 340 nm, as NADPH is converted to NADP (Paglia & Valentine, 1967) . The decomposition of hydrogen peroxide, which is a measure of catalase activity, can be followed by measuring the decrease in absorbance at 240 nm. The decrease in absorbance was recorded every 15 s, and, for measurement, absorbance differences with 1 min intervals were calculated (Bergmeyer, 1974) . CAT activity in tissue homogenates was measured spectrophotometrically at 240 nm by calculating the rate of degradation of H 2 O 2 as the substrate of the enzyme using the method of Aebi (Aebi et al., 1984) .
Gene expiration by Real Time-PCR. RNA Extraction:
Total RNA was extracted from small ovarian tissue with use of an RNeasy kit (74104, QIAGEN, Germany).
cDNA synthesis: Samples were reverse transcribed with use of a first-strand cDNA synthesis kit (330421, QIAGEN, Germany).
PCR with Taq polymerase on the cDNA samples was performed on a sequence detector. Equal amounts of cDNA were used in duplicate and amplified with the PCR mix. Additional reactions were performed on known dilutions of rat cDNA as a PCR template to construct a standard curve relating threshold cycle to template copy number. Amplification efficiencies were validated and normalized against the housekeeping gene. Statistical Analysis. All data were analyzed by SPSS software (Version 22.0, SPSS Inc., Chicago, IL, USA). Statistical analysis was performed using the one way ANOVA and Tukey's tests were used for post hoc multiple comparisons, P<0.05 was considered statistically significant.
RESULTS
Superoxide dismutase enzymatic activities in ovarian tissues. There were no significantly differences in the SOD enzymatic activities in the right ovaries of all of the three groups (p>0.05) (Fig. 4) . The mean values were 0.22 ± 0.01, 0.28±0.01, and 0.25±0.006 SOD of u/mg tissue in varicocele, control and sham groups, respectively (Fig. 5) .
The mean values in the left ovaries were 0.16±0.01, 0.25±0.005, and 0.26±0.02 SOD of u/mg ovarian tissue in varicocele, control and sham groups respectively (Fig. 5) . There was no statistically significant difference among the mean values of all the groups between the left and right side (p > 0.05) (Fig.4) .
Glutathione peroxidase enzymatic activities. There were no significantly differences recorded in the GSH enzymatic activities in right ovaries of all of the three groups (p>0.05). The mean values were 4.56±0.22, 5.01±0.08, and 4.95±0.09 GSH-Px of Nm tissue in varicocele, control and sham groups, respectively (Fig. 6) .
The mean values in left ovaries were 1.2±0.2, 4.99±0.08 and 4.7±0.2 GSH-Px of nM ovarian tissue in varicocele, control and sham groups respectively (Fig. 6) . Statistically, there was no significant difference in the mean values of GSH enzymatic activities of all the groups between the left and right side (p≥0.05).
Catalase enzymatic activities in ovarian tissues. The results of enzymatic activities in right ovaries of all of the three groups were not significantly different from each other (p >0.05). The mean values were 0.89±0.02, 0.91±0.05 and 0.85 ± 0.07 CAT of umoles/min/mL tissue in varicocele, control and sham groups, respectively (Fig. 7 ).
There were significant differences recorded in the mean values in the left ovaries: 0.44 ± 0.02, 0.91 ± 0.08, and 0.87 ± 0.02 CAT of umoles/min/mL ovarian tissue in the three groups respectively (Fig. VII) . Significant difference was not recorded among the groups between the left and right side (p > 0.05).
DISCUSSION
Varicocele is currently one of the major concerns of urology practice. Its relation with infertility is solely based on the clinical observation that indicates a higher incidence in infertile population with a certain improvement in sperm parameters after surgical correction. However, no clear explanation at the molecular level has been shown. Treatment is mainly based on surgical correction of varicocele, although immobilization techniques have been tried for some type of small varicocele. It is also one of the clinical entities that are associated with increased level of ROS. Previous studies reported that oxidative stress parameters (such as ROS and lipid peroxidation) are significantly increased and antioxidant concentrations significantly decreased in varicocele patients and the infertility caused by varicocele is at least partly related to oxygen free radicals (Sharma & Agarwal, 1996) , all these studies are all corroborated by our findings that varicocele induction causes a decrease in the activities of anti-oxidant enzymes. Hsu et al. (1995) , reported that in an animal model of varicocele, superoxide ion was found to be three times higher in experimental varicocele group than control group in animal tissue, which is accordance with our finding that there was an increase in the concentration of superoxide ions as a result of reduction in the activities of superoxide dismutase caused by induced varicocele. Experimental models with surgically created unilateral varicocele in male rats have also confirmed detrimental effects on both testes, our present findings reveals that varicocele worked bilaterally in female rats. In all groups, there were no statistically significant differences between right and left ovaries in terms of activities of the anti-oxidant enzymes (Fig. 3, 4 and 5), though there were differences in the level of dilation and tortuosity of the ovarian vein.
In conclusion, varicocele increased tissue levels of ROS or free radicals on the left induced side in this experimental rat model by reducing the activities of the antioxidants enzymes. Conclusively, our data suggested that decreased activities of these enzymes may lead to infertility in female rats. In addition to surgical interventions to varicose veins treatment, the use of antioxidants may reduce the effects of varicose veins, which requires further investigation. 
